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VLBI — A Vital Player in Global Observing Systems

How Can the Wettzell “G” Ring Laser Improve
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Abstract. The orientation of the Earth in space and on the Earth,
and the rotational speed change unpredictably in a rapid and irregular manner.
The Wettzell “G” ring laser is about to sense the signatures of the ocean tidal
effect on polar motion (and possibly length of day). We therefore analysed two
Wettzell “G” ring laser data sets for detecting ocean tidal effects. Several am-
plitudes could be detected in the diurnal and semidiurnal tidal band. However,
in order to validate the detection of ocean tidal effects upon the Wettzell “G”
ring laser data, we need first to split up the model of the ocean tidal effect
on polar motion of the celestial intermediate pole into its retrograde and pro-
grade contributions, prior to applying the conversion to the polar motion of the
instantaneous rotation pole. One major question needs to be resolved: what
causes the high amplitude in the O1 tidal period of the ring laser residuals? A
Kalman filter, which takes as input estimates of the Earth rotation based on
Very Long Baseline Interferometry (VLBI) and Wettzell “G” ring laser, could
be particularly useful for application to spacecraft navigation, reduction of geo-
detic data, and research into geophysical causes.

1. Introduction

In 1884, Kiistner discovered the variation of latitude, and in 1891, Chan-
dler explained it as polar motion. Until the mid-1960s, optical astrometry was
the only source of Earth rotation information. At present, Very Long Baseline
Interferometry (VLBI) technique provides the most complete high-accuracy
observations for monitoring the rotation of the Earth, i.e., the motion of the
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Celestial Intermediate Pole (CIP) w.r.t. both a Conventional Celestial Refer-
ence Frame (CCRF) and a Conventional Terrestrial Reference Frame (CTRF),
in addition to Universal Time (UT1) variations w.r.t. the Universal Time Co-
ordinated (UTC). For near real time considerations, electronic VLBI (e-VLBI)
is nowadays able to provide UT1 with a time delay of less than one hour [5]).
Since a few years, an emerging and more “exotic” instrument, the Wettzell
“G” ring laser proved its ability in sensing variations in the Earth rotation [9].
Unlike VLBI, the Wettzell “G” ring laser responds directly to the instanta-
neous Earth rotation vector (ERV). In the case of VLBI, the latter is only a
by-product, which is not required for geophysical interpretation: geophysical
angular momentum functions are related to the polar motion of the CIP, and
excess length of day (LOD). However, the Wettzell “G” ring laser generates
observables with a temporal resolution of 30 minutes, which give access to the
rate of change of precession-nutation (PN) of the CIP, to LOD variations, polar
motion (PM) of the CIP and its rate of change [7]. The main contribution of
the ring laser for the five Earth Orientation Parameters (EOP) lies in the spec-
trum from 1 to 48 hours. In terms of competitiveness, the question remains:
how much does the Wettzell “G” ring laser sense considering Earth rotation
signatures?

2. Ring Laser: Basic Equations Relating Observations to
Earth Rotation

Fig. 1 gives a schematic overview of the PM of the CIP, the instantaneous
rotation pole (IRP), and the geophysical pole G, which conveys the geophysical
external torque-free equatorial part of Earth rotation.
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Figure 1. Schematic representation in a CTRF between the PM of the CIP p vs. PM
of the IRP m!, including the geophysical pole G, as well as the pole of the CTRF

The ERV w.r.t. a CTRF is given as:
- T
W= (w17w27w3)T:w0' (mt17m371+m'§) 3 (1)

where wg is the mean angular speed of the sidereal rotation of the Earth, i.e.,
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7.2921150(1) - 1075 rad/s. The quantities m{, m,, and m{ represent the total
terrestrial PM and axial motion of the IRP, respectively.
The total terrestrial PM of the IRP sums up as:

m! =m+m =m! +i-mb, (2)
where ¢ =+/—1, m = my +1-ms represents PM of the geophysical pole G, and
m’ = m; +1-m) being a function of the geodetic PN of the CIP. The geodetic
PM of the CIP is denoted by p = p, — i - py.

The PM of the geophysical pole G was derived by Gross [4] and Brzezinski
and Capitaine [2]: .
m:p—i-£:p+r. (3)
Wo
The quantity m’ was derived by Eubanks [3] and Brzezinski and Capitaine

[2]:

m o =i- N et 4)
wo

where the geodetic PN of the CIP reads
N =0y -sineg+i-6e=X+1i-Y, (5)

and X, Y are the celestial coordinates of the CIP, §1), de being the corresponding
geodetic PN angles, ¢y the mean obliquity at epoch J2000.0, and 6 the sidereal
rotation angle.

Let us now turn our attention to the ring laser. For the most up-to-date
description of the Wettzell “G” ring laser, we refer to [10]. The basic relation
between the relative change in the Sagnac frequency [8], corrected for latitu-
dinal tilt variations due to local effects, and the perturbation of the ERV, i.e.,
mY,mb, and m} has been summarized [6]:

ASgra = cot ¢ - [—m - cos Ag + ml - sin Ag| + m, (6)

where ¢ and A\¢ are the nominal latitude and longitude of Wettzell, respec-
tively, and m}, mb, and m{ being expressed as:

1 . )
mi:uTO-[wo-pw—py+Xsin0—Ycose}, (7)

_1 . .
mgzw—-[wo-py+pz—Xcost9—Ysin9}, (8)
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3. Results

In order to study the tidal signatures, possibly of oceanic origin, we analysed
two Wettzell “G” ring laser data sets: the first one covered 40 days since
Sep. 17, 2002 (MJD 52534), while the second included 144 days since Sep. 22,
2006 (MJD 54000), both having a temporal resolution of half an hour given in
the time scale of UTC. In a first step, both data sets were corrected for local
deformations induced by the solid Earth tides at station Wettzell, following
the formalism described by Mendes Cerveira et al. [6]. Then the effect of the
Oppolzer terms, denoted by the quantity m’, were reduced using the model of
Brzezinski [1]. A program for removing jumps and breaks was applied, and
then a high-pass smoothing filter of two days was applied to get rid of low
frequency signals. In Fig. 2 the effect of the Oppolzer terms was restored for
visualization purposes.
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Figure 2. Pre-processed relative Sagnac frequency ring laser data (grey), and trans-
formed model of Brzezinski [1] (black), both being projected to Earth’s surface. Black
circles are outliers. The ring laser data covers 40 days since Sep. 17, 2002 (MJD
52534), and 144 days since Sep. 22, 2006 (MJD 54000)

The next largest signatures in the ring laser data are the effect of ocean tides
on PM and LOD, followed by the minor effect of tidal gravitation on PM for
a non-rigid Earth. For this reason, we performed a least squares adjustment
for the 71 waves included in the current correction of ocean tides on PM of
the CIP (and LOD) to the residual relative Sagnac frequency variation. In
addition, amplitudes of three further periods (8.28, 8.00, and 6.00 hours) were
estimated, in order to check if the M3 tidal wave as well as both overtones could
be detected. The standard deviation of unity weight of the complete adjustment
is 13.7 cm. No significant amplitude (~ 6 mm) could be detected at the latter
three periods. Amplitudes of such a magnitude can simply be generated by the
noise level of 13.7 cm. Some constraints had to be applied, proportional to the
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ratio of the respective coefficients in the tidal potential, in order to separate
all tidal waves, due to the short time span of the ring laser data. Tabl. 1
shows the residual amplitudes (processed ring laser obervations minus model
by Brzezinski) of the most prominent tidal waves having an amplitude larger
than 8 mm. An amplitude of ~ 4 cm pops up for the O1 tidal wave: this is far
too high to be explained solely by tidal oceanic effects and tidal gravitation.
The next largest amplitude appears at the S2 tidal wave with ~ 2 cm. Other
significant amplitudes in the diurnal and semidiurnal band exist, e.g., for the
P1 or M2 tidal waves.

A next step should therefore split up the model of ocean tidal effect on PM
of the CIP into the retrograde and prograde contributions prior to apply the
conversion to the PM of the IRP, and then apply this model as a correction to
the Wettzell “G” ring laser data.

Table 1. Difference in amplitude between the CIP and the IRP and the model of
Brzezinski. Temporal reference for the phase is J2000.0. Asin and Acos represent
the amplitudes in the sine and cosine components, respectively. Mean solar day is
denoted by msd, and the standard deviation of the amplitude by sA

Name Period, Period, Asin, Acos, A, sA,
Doodson hours msd mm mm mm mm
SIG1 27.848 1.1603 —-2.5 8.2 8.6 2.3
Q1 26.868 1.1195 —-8.8 1.0 8.9 2.3
RO1 26.723 1.1134 10.1 3.2 10.6 2.3

25.823 1.0759 5.2 6.4 8.2 0.6
01 25.819 1.0758 26.5 35.2 44.0 2.4
TAU1 25.668 1.0695 11.8 7.9 14.2 2.2

24.974 1.0406 3.4 9.2 9.8 2.3
P1 24.065 1.0027 —-124 —-8.8 15.2 3.1
SO1 22.420 0.9341 10.6 3.9 11.3 2.2
001 22.306 0.9294 13.5 5.6 14.7 2.7

22.303 0.9292 8.6 3.6 9.3 1.7
Vi1 21.578 0.8990 —12.1 -12.3 17.3 2.2

21.575 0.8989 7.7 -7.9 11.0 14
NI2 12.626 0.5260 -0.8 8.4 8.5 2.0
M2 12.420 0.5175 1.8 8.9 9.1 2.7
S2 12.000 0.5000 7.1 17.2 18.6 2.1
ETA2 11.754 0.4897 -7.2 4.6 8.5 2.3
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4. Discussion and Conclusions

A dynamical model, i.e., the Euler-Liouville equation, is available for Earth
rotation. VLBI delivers EOP with a certain time delay. The Wettzell “G” ring
laser produces integrated 30 minutes observables, and apparently senses the
effects of ocean tides on PM. For this reason, a software based on the Kalman
filter approach will be developed for monitoring and predicting Earth rotation
for near real time applications from VLBI and ring laser observations. But
first, the high amplitude in the O1 tidal wave in the residuals of the Wettzell
“G” ring laser data should be elucidated.
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